Two patients with ruptured aneurysm associated with fenestrated basilar artery (BA) were treated using the endovascular approach. Angiography showed these patients had different types of BA bifurcation. One type had two points of bifurcation and a bridging artery in the BA fenestration, with the aneurysm at the bifurcation of the right loop of the fenestration. The aneurysm had different appearances on right and left vertebral angiograms. The other type had only one point of bifurcation, and the appearance of this aneurysm was similar on both angiograms. To ensure successful embolization, bilateral vertebral angiography should be performed for complete assessment of the morphological characteristics of aneurysm associated with fenestrated BA.
Introduction
Saccular aneurysms of the vertebrobasilar junction are rare and often associated with basilar artery (BA) fenestration. The BA is formed at around the 5-9 mm fetal stage by fusion of paired longitudinal neural arteries. Failure of this fusion may result in fenestration anywhere along the course of the BA, but most often in the proximal portion. 15) Vertebrobasilar junction aneurysms usually occur at the proximal portion of the fenestration. Surgical treatment of these aneurysms is difficult because of the complex geometry of the fenestration, the proximity of the lower cranial nerves, the presence of multiple small perforating arteries to the brain stem, and difficulties in obtaining adequate surgical exposure. 2, 3, 5, 7, 9, 10, 13, 15, 18, 19) Therefore, endovascular treatment of such intracranial aneurysms is now widely accepted. Twenty-seven aneurysms associated with fenestrated BA were treated with coil embolization, 1, [6] [7] [8] 11, 12, 14, [16] [17] [18] 20, 21) successfully in most cases without new neurological deficits in any patient, but technical complications were encountered.
We used the endovascular approach to treat two patients with ruptured aneurysm associated with fenestrated BA exhibiting different morphological characteristics.
Case Reports
Case 1: A 44-year-old woman suffered sudden onset of headache. Computed tomography (CT) showed subarachnoid hemorrhage (SAH). Right vertebral angiography demonstrated fenestrated BA and a bridging artery in the bilateral loops of the fenestration. A saccular aneurysm arose from the bifurcation of the right loop of the fenestration and the bridging artery (Fig. 1) . There was no aneurysm formation at the junction of the left loop of the fenestration and bridging artery (Fig. 2) . The right vertebral artery (VA) was catheterized using a 6.0-Fr guiding catheter (Medikit Co. Ltd., Tokyo). A tracker-10 microcatheter (Target Therapeutics, San Jose, Calif., U.S.A.) was inserted, and the aneurysm was embolized with Guglielmi detachable coils (GDCs) (total length 8 cm). Embolization occluded the right (Fig. 3) . The patient's postoperative course was uneventful and she returned home with no neurological deficits. Case 2: A 43-year-old man suffered sudden onset of headache. On admission, CT showed SAH. Right vertebral angiography demonstrated a saccular aneurysm arising from the proximal site of the fenestrated BA. There was no bridging artery (Fig. 4) . The aneurysm had the same appearance on both right and left vertebral angiography (Fig. 5) . A 6.0-Fr guiding catheter was introduced into the left VA and selective angiography was performed. The aneurysm arising from the proximal site of the fenestrated BA was completely embolized with GDCs (total length 33 cm). Post-embolization bilateral vertebral angiography demonstrated complete disappearance of the aneurysm and preservation of the surrounding vessels (Fig. 6 ). His postoperative course was uneventful and he was able to return to work without neurological deficits. 
Discussion
Surgical treatment of 20 aneurysms associated with fenestrated BA resulted in total occlusion of 14 of 17 clipped aneurysms and incomplete clipping of the other three aneurysms. 3) Thirteen patients experienced postoperative transient lower cranial nerve paresis, one manifested permanent severe neurological deficit, and one patient died. 3) Others have reported encountering difficulty with the surgery and attempted different treatment approaches. 5, 10, 15, 18) Endovascular occlusion with GDCs is an accepted alternative to surgical clipping of posterior circulation aneurysms. Treatment was successful in most of the 27 aneurysms associated with fenestrated BA without the development of new neurological deficits, but technical complications were encountered in several cases. 1, [6] [7] [8] 11, 12, 14, [16] [17] [18] 20, 21) A patient treated with GDC embolization developed BA embolus during the procedure and required thrombolytic therapy with urokinase, but developed a neurological deficit that was not resolved. 7) Occlusion of the VA at the approach site occurred during the embolization procedure in two patients, although both were asymptomatic. 11, 21) These findings stress the importance of acquiring anatomical information regarding the aneurysms associated with BA fenestration.
Angiography revealed that our two patients had different types of BA bifurcation (Fig. 7) . Case 1 had two bifurcation points and a bridging artery in the BA fenestration (Type A). Case 2 had a single bifurcation at the proximal site of the fenestration (Type B). Patients with Type A bifurcation are at risk for developing aneurysms at both bifurcation sites.
One patient with two aneurysms within the same fenestrated BA may be illustrative of this situation. 3) Moreover, the more complex vascular structures in patients with Type A bifurcation may cause greater hemodynamic stress. According to our classification, of the 27 previously reported cases, 10 had Type A and 17 had Type B bifurcations.
Bilateral vertebral angiography was required to identify the Type A bifurcation because the aneurysm blood flow was not sufficiently demonstrated by unilateral angiography. The aneurysm and the BA fenestration were visualized by contrast injection into the unilateral VA in some cases, and the angiographic compartments of some aneurysms showed better opacification by injection into a specific VA. 7) The aneurysms in our patient with Type A bifurcation were better visualized by right than left vertebral angiography. During coil placement, compartmental access was easier via the specific VA that best opacified the compartment. Such hemodynamic and angiographic patterns require bilateral vertebral angiography for complete evaluation of vertebrobasilar junction aneurysms with associated BA fenestration. Although bilateral guiding catheters placed simultaneously may compromise the flow within the vertebrobasilar system, approaching each aneurysm from the contralateral VA provided the best direct access to aneurysms associated with BA fenestration. 18) We suggest that the development of Type A and Type B bifurcations depends on embryological mechanisms. BA fenestration is probably caused by failure of fusion of two primitive neural arteries or by the persistence of the cranial part of a primitive lateral vertebrobasilar anastomosis. 4) The vascular structures of the Type A bifurcation support the second embryological mechanism.
Appropriate and safe surgical treatment of aneurysms associated with BA fenestration requires understanding of the anatomical structure of the vascular duplications. Bilateral vertebral angiography should be obtained to assess the morphological characteristics.
